H uman and animal bites are common hand injuries. 1, 2 Most bites are from dogs, cats, and humans. 2, 3 These injuries prompt as many as 330,000 emergency department visits in the United States annually. 4 However, the true incidence is difficult to ascertain because minor injuries are often selftreated without the advice of a healthcare provider. 5 Population studies suggest that, in the United States, approximately 4.5 million people (1.5% of the population) are bitten annually by dogs alone. 3 The estimated healthcare cost associated with management of cat and dog bites in the United States is .$850 million annually and does not take into account the costs to the patient in terms of time off work, rehabilitation, and permanent impairment. 6 
Epidemiology
In a lifetime, approximately .50% of the population will sustain an animal bite. 1 Of these bites, .90% are from domestic animals, and most will occur during childhood. 1, 6 Dogs are responsible for 80% to 90% of bites. 7 Whether specific breeds are more dangerous than others is a subject of controversy. 5, [8] [9] [10] [11] The American Veterinary Medical Association and US Centers for Disease Control and Prevention have argued against breed-specific legislation and advocate instead for community measures for bite prevention. 9, 10 In most cases, the patient is familiar with the animal responsible for the bite injury. 3, 11 Cat bites are the second most common domestic animal bite, constituting 5% to 15% of all bites. 2, 7, 8 Dog bites are more common in boys and men, and cat bites are most common in adult women. 2, 7 Human bites are less common than domestic animal bites, accounting for 2% to 3% of hand bites. 12 These bites can be categorized as (1) clenched fist injuries ("fight bites"), which result from the impact of the hand against the teeth during a fight, or (2) occlusive bite injuries, which are caused by the teeth closing directly on tissue. Patients with clenched fist injuries are typically male, the dominant hand is usually involved, and the bite most often occurs at the metacarpophalangeal (MCP) joints of the hand. 13 Occlusive bites occur more often in women than in men and are more frequently inflicted by men. 14 Occlusive bites to the breasts, arms, genitals, or legs are most often seen in women, whereas bites to the shoulders, arms, and hands are most often seen in men. 14 Human bites can result from altercations, assault, abuse, sexual activities, or self-defense. The true incidence of human bites is likely underestimated because patients may not seek medical attention.
Anatomy and Mechanism of Injury Anatomy
Because of the unique anatomy of the hand, bite wounds may appear small. However, tendons, bones, nerves, blood vessels, and joint structures are superficial and at risk of injury. The skin of the hand is generally well perfused, but inoculation with polymicrobial oral flora leads to infectious spread along structures with relatively low vascularity such as tendons, ligaments, bones, and cartilage. Following a bite injury, cellulitis, abscess, infectious tenosynovitis, septic arthritis, osteomyelitis, and even sepsis can develop, predisposing the hand to long-term morbidity. 15 
Clenched Fist Injuries
Clenched fist injuries, which are also known as fight bites or reverse bite injuries, are the most common form of human hand bites (Figure 1 ). These injuries result from the impact of a clenched fist against the teeth of another person. The MCP joint is most frequently involved because of its prominence when a fist is clenched. The overlying skin is taut at the time of impact, leaving little soft-tissue protection. In a study of 191 patients with clenched fist injuries, the authors found that the teeth often penetrated the extensor mechanism and joint capsule (67%), leading to injury of the articular cartilage and bone. 13 When the hand subsequently returns to a relaxed position, retraction of the extensor tendon removes the injured tendon from view in the skin wound and seals the capsular tear, creating a closed environment ideal for bacterial growth and the development of septic arthritis 16 (Figure 2 ). Infection may also spread to the subcutaneous space, subaponeurotic space, and along the lumbrical muscle, leading to infection in the palm and flexor tendon sheaths. A, Illustration demonstrating the typical position of the hand at the time of impact against the teeth, which results in a fight bite or reverse bite injury. B, Illustration demonstrating the position of the disrupted skin (yellow line), tendon (red line), and joint capsule (blue line) when the hand returns to a relaxed position. Note that the tendon disruption is not immediately visible within the skin wound, and the capsular tear is covered with tendon, creating a closed space that can lead to infection.
Occlusive Human Bites
Occlusive bite wounds are caused by direct closure of the teeth on tissue. If the fingers are involved, bites often penetrate the dorsal and volar skin to inoculate the tendon or joint capsule with oral flora. Severe bites may result in traumatic amputation of the finger through the distal phalanx or distal interphalangeal joint. In more proximal bites, a semicircular imprint of the teeth is often seen at the location of the bite, with variable depth of penetration and injury to the underlying structures. Infections are less common in proximal occlusive bites than in bites to the hand and wrist. 6 
Dog Bites
The severity of a dog bite is correlated with dog size, breed, training, and circumstances of the bite. 3, [9] [10] [11] Large breeds, particularly those trained as attack, guard, and police dogs, tend to inflict more damage. Adult canine jaws are capable of exerting bite forces of .300 lbs. 17 The teeth vary in shape from long sharp canine teeth to more rounded incisors, premolars, and molars with grinding surfaces (Figure 3, A) . This variety of shapes has evolved to clamp and hold, tear, and crush food. Crush wounds, devascularization, and soft-tissue avulsion result from high pressures and shearing (Figure 3, B) . The injury is further compromised by direct inoculation with oral flora. In severe bites, soft-tissue coverage may be required following wound débridement.
Cat Bites
Although cats do not have the jaw strength of dogs, they do have sharp, narrow teeth that have evolved to pierce and tear the tissue of small prey (Figure 3, C) . This dental anatomy causes puncture-type wounds, piercing deeply to enter the joint capsule or inoculate the periosteum and bone with oral flora (Figure 3,  D ). An estimated 30% to 50% of cat bites are complicated by infection, whereas infections associated with dog bites typically occur at less than half that rate. 7 Cat bites result in a higher rate of infectious sequelae and invasive treatment among patients who present for medical treatment. 8 
Disease Transmission and Bacteriology

Human Bites
Human bites have a reputation for causing severe hand infections. In human saliva, .600 bacterial species have been identified. 18 Cultures of bite wounds are frequently polymicrobial, typically with four isolates per culture. 19, 20 The common aerobic and anaerobic bacteria isolated from human bite infections are listed in Table 1 . 19, 21 Eikenella corrodens was isolated in 17% to 30% of cases in several studies. [19] [20] [21] The high level of infectivity associated with human bites may be attributed to the combination of virulence factors from multiple bacteria. Pure gram-negative or anaerobic infections are uncommon. 19, 20 HIV, hepatitis B (HBV), and hepatitis C (HCV) can be transmitted by human bites, but this rarely occurs 22 ( Table 2) . Salivary inhibitors usually inactivate the infectious potential of the HIV virus, making the risk of transmission from saliva alone essentially negligible. 22, 23 Risk is significantly increased when blood is present, however (0.1% to 0.3%). 22 If HIV infection is known or suspected and there was visible blood present at the time of injury, the CDC recommends postexposure prophylaxis with highly active antiretroviral therapy. 22 This is a combination of antiretroviral medications used to treat AIDS; a 28-day prophylactic course is recommended after exposure. 22 The patient should also have a baseline blood test to determine preexposure HIV status, with retesting performed at 3 and 6 months. 22 HBV can be transmitted via saliva only if the skin is pierced. The use of postexposure prophylaxis is considered if the exposure results in bleeding. 22, 23 An HBV surface antigen titer should be obtained regardless of vaccination status. 22, 23 If the HBV status of the biter is unknown, and HBV antibodies are insufficient or absent, then the accelerated course of the HBV vaccine may be administered. 22, 23 Postexposure follow-up for HCV does not include medication but does include a baseline anti-HCV test with retesting performed at 4 and 6 months. 22, 23 When a bite occurs during an altercation, testing of both parties is recommended because blood-borne illness can be transmitted from the patient to the biter. 22, 23 
Dog and Cat Bites
Like infections associated with human bites, most infections resulting from dog and cat bites are polymicrobial, regardless of wound type or clinical presentation. 21 In a study of 107 patients with infections caused by dog or cat bites, mixed aerobes and anaerobes constituted .50% of wound cultures, with an average number of five bacterial isolates per sample. 24 Aerobic and anaerobic bacterial species commonly isolated from dog and cat bites are listed in Table 1 . In several studies, Pasteurella species were the most frequently found isolates in cultures of dog (50%) and cat (75%) bites. 7, 24, 25 Pasteurella is a gram-negative, facultative, anaerobic, pleomorphic coccobacillus that causes an early and severe inflammatory response. 24 P canis is most commonly found in dogs, whereas P multocida and P septica are most commonly found in cats. 24 The laboratory should be informed of the bite type and the potential for Pasteurella isolates. 7, 24, 26 Cultures require appropriate growth media and may take up to 1 week to grow.
Capnocytophaga canimorsus infection after a dog bite is rare but deserves mention because it can lead to cellulitis, sepsis, meningitis, endocarditis, disseminated intravascular coagulation, acute respiratory distress syndrome, organ damage, and death. 15 Virulence is low in healthy persons, but this infection can result in significant morbidity in elderly or immunocompromised patients. In the setting of sepsis, reported rates of mortality ranging from 30% to 60% have been reported. 15 After an incubation period of up to 1 week, clinical manifestations include fever, chills, myalgia, vomiting, malaise, petechial rash, and purpuric lesions. Management includes hospital admission and immediate antimicrobial therapy. 15 
Bites From Other Mammals
Other mammalian species such as bats, raccoons, skunks, rats, and other nondomestic animals are infrequent sources of hand bites. Bites from these animals have the potential to transmit rabies as well as uncommonly encountered diseases such as rat-bite fever, hantavirus, and other illnesses. 27 Whenever possible, the animal involved should be captured and tested. Urgent infectious disease consultation is recommended for unusual bites. For example, bites from laboratory macaque monkeys may transmit simian B virus, which is fatal in 80% of untreated humans. 28 Rabies Dog bites are the most common source of rabies worldwide. 29, 30 More than 55,000 deaths are attributed to rabies annually. Most of these fatalities occur in developing countries with a high population of stray dogs. In countries where rabies is endemic, patients who are bitten should be treated based on the assumption that the dog was infected.
In the United States, rabies infection is rare and is most commonly transmitted by bats. 30 Bats, raccoons, skunks, and foxes are the most common carriers of rabies in the United States. 30 In patients with a bite from one of these animals, the clinician must maintain a high index of suspicion for rabies exposure because of the severity of the illness and the need to institute prophylaxis. The animal should be captured and tested. Postexposure prophylaxis is initiated until the disease can be ruled out in the offending animal. 29 
Tetanus
Clostridium tetani is not commonly found in wounds associated with human, dog, or cat bites, but Clostridium spores are ubiquitous, and tetanus is potentially fatal. 31 In patients who have been bitten, administration of tetanus toxoid is recommended for those who have not received a booster within 5 years, and immunoglobulin should be administered to those who have had two or fewer previous tetanus immunizations. 31 
Diagnosis and Evaluation History
Symptoms of infection can occur within 12 hours of injury. 24, 25 Infections related to cat bites develop as early as 3 hours after the incident in approximately 50% of cases. The most prominent symptoms include erythema, edema, progressive pain, and fever.
Obtaining a pertinent medical history is essential to evaluate the patient for an increased risk of infection. The timing and location of injury, patient factors (eg, immunocompromised status, age), immunization history, and recent history of antibiotic therapy should be considered when determining treatment (Figure 4 ). In patients with prosthetic joints, there is a risk of blood-borne seeding if bacteremia develops. In cases of clenched fist injuries, it may be difficult to obtain an adequate history because of the patient's reluctance to disclose the circumstances surrounding the injury, but this is essential in counseling the patient regarding transmission of blood borne illnesses.
Physical Examination
The size and depth of the wound and the amount of devitalized tissue should be assessed along with potential damage to neurovascular structures and tendons, underlying fractures, the presence of exposed bone, the integrity of the joint, and the presence of infection. A bite wound located over a joint or tendon is a risk factor for more severe infection, which could require hospitalization. 32 Fight bites may be overlooked by the patient and healthcare provider because of the small lacerations that characterize these injuries. In addition, the patient may be intoxicated and/or the healthcare provider may be focused on the potential for other fractures, lacerations, and injuries.
During the examination, particular attention should be paid to the function of the extensor mechanism. The intrinsic muscle attachments to the lateral bands can allow proximal interphalangeal (PIP) joint extension despite complete disruption of the central slip over the PIP joint or the extensor tendon more proximally. 33 Extension at the MCP joint should be evaluated, and the Elson test should be performed to evaluate for disruption of the extensor mechanism. 33 During the Elson test, resisted PIP joint extension is assessed with the PIP joint flexed to 90°o ver the edge of a table. If PIP joint extension is weak and the distal interphalangeal joint hyperextends, rupture of the central slip is likely. Sagittal band rupture should be evaluated by performing an extensor lag examination at the MCP joint. Sagittal band disruption may allow extensor tendon subluxation between the metacarpal heads, preventing active extension of the MCP joint, whereas passive extension centralizes the tendon and allows for maintenance of an extended position.
In children with human occlusion bites, the intercanine distance can be used to evaluate whether a child or an abusive adult inflicted the bite. 34 Adults have an intercanine distance of 3.0 to 4.5 cm, whereas the distance is 2.5 to 3.0 cm in children. 34 This method lacks some specificity because adult dentition is present by age 12 years; therefore, the bite should be photographed to document possible assault or abuse.
Diagnostic Imaging
Plain radiographs are used to evaluate for underlying fractures, joint pathology, and foreign bodies. Although often unremarkable, radiography may demonstrate fracture, impaction injuries of bone, tooth fragments, or air in the joint or soft tissues. Radiography is also useful for detecting osteomyelitis. A puncture wound with associated fracture is at high risk for osteomyelitis. In patients with advanced infection, radiographic findings that indicate osteomyelitis include periarticular osteoporosis, joint space narrowing, bony erosion, and periostitis. Ultrasonography can demonstrate fluid collection and vascular injury. 7 
Laboratory Tests
Although laboratory studies are not routinely ordered after an acute hand bite, they may be useful for detecting possible infection. Erythrocyte sedimentation rate, C-reactive protein level, and white-blood cell count can help to evaluate the patient for systemic inflammation and can be used as a baseline for treatment. However, these studies may be normal even in the presence of infection, or the results may be elevated in patients with other sources of inflammation or infection; therefore, these studies should not be used alone to diagnose or rule out infection. 7, 35, 36 In patients with infection, cultures should be obtained (preferably from intraoperative wound tissue samples) to detect aerobic and anaerobic bacteria. The bite source and potential presence of organisms should be communicated to the laboratory because Eikenella, Pasteurella, and other organisms may be difficult to isolate. 24, 26 In patients with acute bites without infection, swabs for culture are unreliable and are typically not recommended. Algorithm for initial evaluation and management of an acute hand bite. CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, HBV = hepatitis B virus, HCV = hepatitis C virus, Tdap = tetanus, diphtheria, and pertussis, WBC = white blood cell count
Management Prophylaxis
Although routine antibiotic prophylaxis is not necessarily recommended for all bite wounds, it is recommended for hand bites. 6 In a review of eight randomized controlled trials, Medeiros and Saconato 6 showed that hand and wrist bites are an independent risk factor for infection, and antibiotic prophylaxis reduces infection from 28% to 2% (number needed to treat = 4). Even in patients who present early (,24 hours) and are free of infection, tendon injury, or joint injury, bedside débridement and wound care alone are insufficient. 6 High-risk populations and patients with puncture wounds, crush injuries with devitalized tissue, or deep wounds that cannot be cleansed easily particularly benefit from antibiotic prophylaxis.
Broad antibiotic coverage is recommended to address the polymicrobial nature of common oral flora and bite infections. For example, E corrodens and Pasteurella species are generally susceptible to penicillin and ampicillin, 26 but staphylococci and anaerobic species often produce b-lactamase, which provides resistance to these antibiotics. 22 The addition of a b-lactamase inhibitor significantly increases the effectiveness of these antibiotics, and amoxicillin-clavulanate is the oral antibiotic of choice for human, dog, and cat bites. 26, 37, 38 Oral and intravenous antibiotic options and alternative medications are listed in Table 3 . Cephalexin, dicloxacillin, and erythromycin should not be used because they demonstrate poor activity against Eikenella and Pasteurella.
In cases in which rabies transmission is possible, irrigation and débridement, the use of soap, and the application of alcohol or povidoneiodine to the wound can reduce the likelihood of transmission by 90%. 29 Rabies vaccine and immunoglobulin are given in high-risk situations. Immunoglobulin provides immediate virus-neutralizing antibodies while the vaccine induces host-immune production of antibodies within 7 to 10 days. 29 Multiple doses of rabies vaccination can be discontinued once testing of the source animal has excluded rabies.
Wound Management
Management of the wound partially depends on its size, character, and the presence or absence of infection. When multiple tiny punctures associated with a bite from a cat or small dog are treated with antibiotics, lancing of the punctures is not typically required unless infection develops. Open wounds, however, should be irrigated and débrided.
The goals of initial wound management include hemostasis, copious irrigation, removal of foreign bodies, and excisional débridement of devitalized tissue. The use of local anesthesia for evaluation of the wound provides the opportunity for a more thorough assessment, irrigation, and débridement. During wound exploration, the hand is assessed for tendon disruption, bone or joint penetration, open fracture, neurovascular injury, and deep tissue infection. 5, 7 In patients with acute clenched fist injuries (fight bites), the wound can be extended to provide adequate exposure for inspection. Arthrotomy and inspection of the joint surface may be beneficial even if the capsule appears to be intact because puncture wounds can quickly seal off. Part of the penetrating tooth is occasionally retained and should be removed at the time of exploration. 13 Insufficient evidence exists to determine whether exploration in the operating room is necessary for all acute fight bites. 39 These injuries are often treated with irrigation and débridement in the emergency department and an intravenous dose of antibiotic. The patient is discharged with oral amoxicillin-clavulinic acid, and close follow-up is recommended.
The time from injury to treatment is important. Basadre and Parry 40 retrospectively reviewed 124 patients with human bite injuries to the hand. Forty-seven patients were seen within 24 hours of injury, 51 presented 1 to 7 days after injury, and 26 presented $7 days after injury. 39, 40 Of the patients who presented within 24 hours, 78% received wound care only and 22% underwent surgical débridement, but all had excellent functional outcomes. 39, 40 Among the patients who presented between 1 and 7 days after injury, those without infection also had good outcomes independent of the initial treatment, but patients with infection lost motion and grip strength if surgical débridement was not performed. 39, 40 Complications included septic arthritis, osteomyelitis, and tenosynovitis. For patients who presented $7 days after injury, 93% were treated surgically and had good outcomes. 39, 40 Surgical Repair
Tendon repair, tendon transfer, osteosynthesis, vascular repair, revision amputation, and/or soft-tissue coverage can be performed if the tissues are adequately débrided. 5 Successful results have been achieved with primary flexor tendon and extensor tendon repairs after human bites. 41 Whether exploration and surgical repair is performed in the emergency department or in the operating room depends on injury factors, patient factors, and local resources. However, patients with flexor tendon lacerations, bone penetration, and extensive devitalization or contamination will likely benefit from treatment in the operating room. Suture closure of acute bite wounds on the hand is a controversial topic.
Leaving these wounds open for bacterial egress has been recommended. [42] [43] [44] [45] However, recent studies of emergency management of these injuries show substantial improvement in cosmetic appearance with primary closure (particularly for facial wounds), with little or no increased risk of infection. [42] [43] [44] In a study of 145 patients with bite wounds treated with primary closure, Chen et al 45 acknowledged that infection rates may have been slightly higher in their study population (6% versus 3.4% for the standard sutured wound infection rate at the same institution in the same time frame); however, this rate may be an acceptable trade-off for improved cosmetic appearance. Other studies also included bites to all body regions and found no difference between patients who underwent suture closure and those who did not. 43, 44 However, these studies are underpowered to draw conclusions from on the effect of suture closure for hand bites in particular. Studies consistently confirm that bites to the hand are a subset of injuries that have a higher risk of infection than do bites to other areas of the body. 42, 43 Leaving a wound open is not a substitute for antibiotic therapy or irrigation and débridement. Heavy contamination or uncertain adequacy of débridement remains a contraindication to primary closure.
Postoperative management of bite wounds should include elevation, wound care, and antibiotics. Careful follow-up is required to monitor the progression of healing. The patient should be counseled to return immediately if symptoms worsen.
Infection
Following a diagnosis of infection, expeditious treatment is required to prevent progression. Tissue cultures are preferred over culture swabs because of the improved accuracy in diagnosing bacterial pathogens. Most infections are treated with irrigation, excisional débridement, and delayed closure. All necrotic tissue should be débrided ( Figure 5 ). Infected bone should be excised and loose fragments of articular cartilage should be removed. In severe cases, significant bone excision is required, and patients should be advised early of the potential risk for later amputation. 35, 36 After débridement, leaving wounds open to heal by secondary intention facilitates bacterial egress. Patients with established infection may benefit from hospitalization and repeat débride-ment as needed.
Scant data are available to guide the healthcare provider with regard to the appropriate duration of antibiotic treatment. In general, the duration of therapy is based on the severity of the infection. For example, antibiotic treatment for cellulitis is typically 10 to 14 days, whereas treatment for tenosynovitis, septic arthritis, and osteomyelitis is 3 weeks, 4 weeks, and 6 weeks, respectively. 7, 8, 35 The C-reactive protein level and other markers of infection (eg, erythrocyte sedimentation rate, white blood cell count) may decrease in response to treatment, but clinical observation remains the best measure of management of infection. 7, 35 Once the infection is controlled, delayed reconstructive efforts may be considered. 35, 36 Functional Outcomes
The heterogeneity of types of bites, time from injury to presentation, and the presence of injured structures makes the prediction of functional outcomes challenging. Early assessment of bite injuries, irrigation and débridement, and modern antimicrobial therapy have significantly improved outcomes of bites to the hand from humans, dogs, and cats. Patients who present early and are treated may have few sequelae. Delayed presentation or inadequate initial management, however, may lead to persistent infection, advanced joint destruction, and osteomyelitis. 36 Untreated septic arthritis has a profound effect on functional outcome, particularly if there is evidence of joint space narrowing or bony changes. 46 Once osteomyelitis develops, definitive treatment may require amputation. 36 Other complications include erosion of the flexor tendon and volar plate, tendon rupture, and the development of tendon adhesions.
Summary
Because of the unique anatomy of the hand and the bacteriology of human and mammalian oral flora, bite injuries can lead to severe infection and functional impairment. Antimicrobial treatment is indicated for all bites to the hand regardless whether they are acute or severe and has significantly reduced the morbidity and mortality associated with these injuries. Surgical débridement can effectively decrease the development of infection in select cases, and primary surgical repair and closure may be considered in select patients. Early assessment of bite injuries, irrigation and débridement, and modern antimicrobial therapy have been successful in reducing the morbidity, duration of treatment, and costs associated with hand bite injuries. A through F, Clinical photographs and radiographic imaging of the hand in a 59-year-old man who presented with right hand pain and swelling for 6 days. He had a 2-month-old healed puncture wound over the third metacarpal caused by a bite from the family German shepherd. A, Moderate swelling is visible over the third metacarpal, with mild erythema around the healed puncture. B, PA radiograph of the right the hand demonstrating lucency in the metacarpal neck and a periosteal reaction on the ulnar aspect of the metacarpal diaphysis. C, Three-dimensional CT scan reconstruction demonstrating an osteolytic metaphyseal lesion and a fistulous tract through the third metacarpal to the mid diaphysis. D, Intraoperative photograph of the hand demonstrating surgical drainage, which was followed by curettage and excision of bone for culture. Swabs were negative for organisms, but the tissue culture showed multiple anaerobic species, including Fusobacterium, Bacteroides, and Prevotella species. E, PA fluoroscopic image of the hand following the curettage and excision of the infected area back to healthy bleeding bone. F, PA fluoroscopic image of the hand after insertion of antibiotic-loaded cement spacers into the dead space. These spacers were later removed.
